We suspected that many high blood pressure measurements taken in our anaesthetic pre-assessment clinic and immediately prior to induction of anaesthesia were unusually elevated due to a 'white coat' effect. these high blood pressure measurements were causing late cancellations of surgery, even though white coat measurements may not be representative of the patient's usual blood pressure or of their risk of end-organ damage due to hypertension. In this audit, patients with high blood pressure in our pre-admission clinic were provided with training and a home blood pressure monitor to use prior to surgery. these were compared to the pre-admission clinic measurements to determine the incidence of white coat hypertension. We also compared home to general practice blood pressure monitoring where possible. Fifty-two patients were provided with monitors. Fifty-one of these took at least five measurements at home. thirty-four (66%) patients had average measurements at home at least 20 mmHg lower than pre-admission clinic measurements. A total of 33% of general practice clinic measurements were also ≥20 mmHg higher than average home measurements. White coat hypertension was common in our audit population. Relying on average home blood pressure measurements rather than 'one off' in-hospital measurements may have helped to prevent the postponement or cancellation of surgery for 13 patients who had recorded blood pressure ≥180/110 mmHg in our pre-admission clinic.
High blood pressure (BP) measurements are commonly recorded in our anaesthetic preadmission clinic and on the day of surgery. However, ambulatory and home BP measurements have proven to be more closely correlated with, and more predictive of, cardiovascular disease and mortality than office BP measurements 1 . Current American Heart Association/American College of Cardiology guidelines suggest that clinicians consider postponing elective surgery until BP is better controlled when pressures consistent with grade three hypertension (≥180/110 mmHg) are measured in a 'non-stressful environment' 2 . Many patients in our hospital were having their surgery postponed, sometimes on the day of surgery, due to elevated BP readings. We suspected that many grade three BP recordings in our pre-admission clinic were due to a 'white coat' effect, defined by the United Kingdom's National Institute of Clinical Excellence (NICE) as "A discrepancy of more than 20/10 mmHg between clinic and average daytime ABPM (ambulatory blood pressure measurement) or average HBPM (home blood pressure measurement) at the time of diagnosis" 3 .
White coat readings are not representative of the patient's usual average BP, so may not be an appropriate guide for perioperative BP management.
NICE's 2011 guideline for the management of hypertension 3 recommends the use of ambulatory or home BP monitoring to confirm a diagnosis of hypertension and to monitor treatment in those identified as having a white coat effect. Home BP has also been recommended as the standard of care in the diagnosis and management of hypertension by both the American Heart Association and the European Society of Hypertension 4,5 .
This recommendation reflects evidence that ambulatory BP measurement is a more specific predictor of cardiovascular outcome than conventional office HoME BP MoNItoRINg IN AN ANAEStHEtIC PRE-ADMISSIoN ClINIC Anaesthesia and Intensive Care, Vol. 41, No. 5, September 2013 measurement 6 . Home BP measurement not only gives a more accurate value for blood pressure but correlates better with left ventricular hypertrophy (a measure of target organ damage), cardiovascular events, renal damage and mortality than office BP measurements 1 . Even just one home measurement has been more predictive of stroke risk than a single office measurement 1 .
Home BP monitors were introduced into our pre-admission process to help establish reliable BP values on which to base decisions regarding the need for BP control prior to elective surgery. We undertook this audit to evaluate how effectively the BP monitors had been introduced and to determine the incidence of white coat hypertension.
MEtHoDS
our National Health and Disability Ethics Committee advised that formal ethical approval was not necessary for this audit project and approved publication of our findings (E. Tan [Advisor, Ethics Committees, Ministry of Health, New Zealand], personal communication).
All patients attending our pre-admission clinic have their BP measured by an experienced nurse using Microlife BP A100 Plus home BP monitors (Microlife Corp, taiwan, Republic of China) which are certified as reliable and accurate for home use by the European Society for Hypertension and the British Hypertension Society. Beginning in January 2011, all those with recordings ≥140/90 mmHg in the pre-admission clinic were given instructions by the pre-admission nurse and a Microlife BP A100 Plus monitor to take home. Patients (or their carers) were asked to record BP approximately every two hours for at least one day. We did not ask patients to take measurements overnight. the measure-ments were written on a pre-printed form by patients and also recorded electronically by the monitors. the measurements were sent to preadmission staff prior to the day of surgery. the monitors were returned either directly to the preadmission clinic or on the morning of admission.
the range and the average (mean) of the systolic and diastolic home BP readings were calculated. the mean was then taken as the value around which goal parameters would be set for the patient's perioperative care. these values were also compared with the patient's most recent values recorded by their general practitioner, where possible.
White coat hypertension was defined as an office arterial pressure of ≥140/90 mmHg in the presence of an average daytime reading of less than 135/85 mmHg 6 . the decision to defer based on clinic BP or to proceed with surgery as planned was up to individual anaesthetists. All patients with hypertension on home monitoring were referred back to their general practitioner for long-term management of their blood pressure, and any patients with grade three hypertension had the timing of their surgery reconsidered.
RESULTS
Fifty-two patients took a blood pressure monitor home between January and September 2011. Fiftyone patients recorded an average of 15 readings each, (range 5 to 80). The other patient recorded just one BP at home. this record was not included in our analysis. grouped results of clinic and average home BP can be seen in table 1. the patients could be divided into three groups based on the results of their home BP monitoringwhite coat hypertension, sustained hypertension and a high white coat group. those with sustained hypertension had no significant change from the pre-admission clinic reading, and the average home BP was ≥135/85 mmHg. The high white coat group were consistently hypertensive at home, but also had BP (systolic/diastolic) at least 20/10 mmHg higher when in clinic. Eight (16%) patients had white coat hypertension with clinic readings in excess of 140/90 mmHg, but lower home BP measurements. this group had a median pre-assessment clinic systolic of 160 mmHg (range 150 to 200 mmHg)/diastolic 89 mmHg (range 72 to 110 mmHg) and average home readings under 135/85 mmHg. This white coat group included one patient with grade three hypertension (200/110 mmHg) in our clinic but normotension at home. All eight of the white coat patients went forward for surgery as planned, without additional BP treatment, and with instructions that admission BP on the day of surgery may be elevated but should be disregarded, and the home measurements used as the baseline BP.
twenty-six (51%) patients were hypertensive at home, but had average home BP measurements at least 20 mmHg lower than pressures recorded in clinic. We labelled these as the high white coat group-they were hypertensive at home but significantly more so in clinic, with median pre-assessment clinic BP of 180/93mmHg (range 158 to 200/78 to 110). Mean home measurements in this group ranged from systolic 138 to 162 mmHg (median 147 mmHg)/diastolic 60 to 97 mmHg (median 85 mmHg). Thirteen (50%) of these patients had grade three hypertension in our clinic but not at home. Although all of this group were referred back to their general practitioner for review of their BP management, only one of these high white coat patients had their surgery deferred while their antihypertensive medication regime was altered. this patient had a clinic blood pressure of 180/90 mmHg and an average home BP of 152/77 mmHg.
Seventeen (33%) patients had sustained hypertension, with systolic and diastolic home BP less than 20 mmHg different from the BP measured in clinic. three of these patients had average home BP diagnostic of stage three hypertension and a further four had mean home systolic BP between 170 and 180 mmHg. All seven of these patients had their surgery deferred until their BP control was reviewed by their general practitioner.
At least one recent (in the last year) general practice BP reading was available for 27 patients. of these, nine (33%) had average home BP recordings at least 20 mmHg different from those recorded by their general practitioner. three patients would have been classified as normotensive based on general practitioner measurements but proved to be hypertensive on home monitoring, giving them a diagnosis of 'masked hypertension', which carries 5, 7 . A comparison of clinic and mean home systolic BP can be seen in Figure 1 , while a comparison of clinic and mean home diastolic BP can be seen in Figure 2 .
DISCUSSION
Ambulatory and home BP measurements are becoming commonplace in the diagnosis and management of hypertension. There is firm evidence that ambulatory BP measurement is a more sensitive predictor of cardiovascular outcome than conventional office measurement 6 , and home BP measurement has been recommended as the standard of care in the diagnosis and management of hypertension by both the American Heart Association and the European Society of Hypertension 4,5 . Home BP measurement (even with only two or three measurements) correlates better than office measurement with renal damage, left ventricular hypertrophy, cardiovascular events and mortality, suggesting it reflects actual BP more consistently 1, 5 . our series of patients had a prevalence of white coat hypertension of 16%, which is similar to the prevalence of 15 to 30% reported in previous studies of ambulatory and home BP monitoring 6 .
Thirty-three of the 34 patients we identified with a significant white coat effect proceeded to surgery as originally planned. Many of these patients, particularly the 13 with grade three hypertension in our pre-assessment clinic, were highly likely to have had their surgery postponed prior to the introduction of home BP monitoring. the eight we identified with true white coat hypertension (normotensive at home) may also have avoided potentially dangerous treatment of their 'hypertension'. Because we suspected that many BP readings taken in the anaesthetic pre-assessment clinic could be subject to a white coat effect, we have often previously used general practice reference instead, assuming repeated general practice measurements to be more reliable. However one-third of the general practice values available to us (not home or ambulatory) were >20 mmHg different to average home values. The identification of three patients with 'masked hypertension' (compared to general practitioner readings)-one with grade three hypertension at home-suggests a role for home BP monitoring of apparently normotensive patients as well.
Home BP monitoring distinguishes white coat from sustained hypertension or normotension. Average home BP measurements were >20 mmHg different from pre-admission clinic BP in 65% of patients. the introduction of home blood pressure monitoring to our pre-admission process helped to prevent late cancellations of anaesthesia and surgery due to white coat hypertension; and may also have prevented unnecessary and potentially dangerous antihypertensive treatment in those with isolated white coat hypertension.
We used 'home' BP monitoring, as opposed to 'ambulatory' blood pressure measurement. the latter involves attaching a specialised monitor to the patient, which then takes measurements automatically at pre-defined intervals (commonly every 20 minutes during the day and hourly at night) for 24 hours. Home monitoring uses an automated monitor the patient applies themselves to take measurements at (less frequent) intervals throughout the day. Home monitors were used because they were less expensive, enabling the purchase of numerous monitors and we did not need the extra information gained by ambulatory monitoring (such as comparisons of day and night BP).
once the monitors were acquired, implementation of BP monitoring appeared to be straightforward and well accepted by patients and staff. Patients were usually enthusiastic about participating in preoperative preparation (i.e., 80 readings recorded at home).
the reliability of home BP monitoring depends on the number of averaged measurements. Home BP values on the initial monitoring day are sometimes high 5 . Recent NICE guidelines 3 and the European Society of Hypertension recommend a schedule of at least two morning and evening measurements for seven days, with the data from the first day being discarded and the rest averaged 5 . Although our protocol did not follow the above guidelines it was easy to explain and achievable, even in patients seen in the pre-admission clinic at short notice, and allowed more rapid turnover of monitors, ensuring availability. In the future, expanding home BP monitoring to the above standards may improve accuracy.
the implications of hypertension in the perioperative period are not entirely clear. Current perioperative guidelines, including those of the American College of Cardiology/American Heart Association, suggest postponing anaesthesia and surgery if a patient has grade three hypertension (≥180±110 mmHg) 2 . However, as the authors of the American College of Cardiology/American Heart Association guidelines acknowledge, this suggestion is based on very limited evidence 2,8-11 . Much of this evidence is from small studies of (often severely) hypertensive patients by Prys-Roberts et al [12] [13] [14] [15] in the 1970s and 1980s. These studies showed that untreated hypertensive patients have larger changes in BP and an increased incidence of electrocardiogram changes, suggesting myocardial ischaemia under anaesthesia, compared to treated hypertensive and normotensive patients. these studies did not examine postoperative cardiovascular outcomes. While many authors agree that hypertensive patients have greater relative falls in BP under anaesthesia [16] [17] [18] , subsequent studies, particularly those of goldman and Caldera 16 and more recent reviews 8 , have concluded that hypertension without evidence of end-organ damage confers at most a 'clinically insignificant' increased risk of perioperative cardiovascular complications 8-10 , with one stating, "It seems indefensible to defer planned surgery on the basis of a single arterial pressure reading" 8 . Patients with sustained grade three hypertension are more likely to have end-organ damage, which confers an increased risk of complications from anaesthesia and surgery, but delaying surgery solely in order to reduce BP does not seem to reduce complications 2, 8 . Much of this evidence is from studies done before 1990 and may not apply to modern anaesthetic techniques.
How a hypertensive patient's BP is managed under anaesthesia may have more effect on outcome than the fact that they are hypertensive. Charlson et al 18 investigated how intraoperative BP affects cardiovascular outcome in a group of hypertensive, diabetic patients. they found that "strategies that examined absolute intraoperative mean arterial pressure [MAP], without reference to the patient's preoperative pressures, had a much lower predictive ability than when the changes from preoperative MAPs were evaluated". Charlson et al 18 recommend keeping MAP within ±20 mmHg of preoperative baseline, based on their findings that hypotension (decrease in MAP ≥20 mmHg compared to preop) lasting 60 minutes or longer or hypertension (MAP increase ≥20 mmHg) lasting 15 minutes or more in combination with hypotension <60 minutes, were significant predictors of ischaemic cardiac and renal complications 18 . goldman and Caldera also found an increase in cardiovascular complications if MAP was allowed to drop more than 50% or dropped more than 33% for more than ten minutes 16 .
A recent study evaluating neurological outcomes after spinal surgery supports findings that change from baseline BP is important. yocum et al found a significant positive relationship between minimum intraoperative MAP as a fraction of baseline and decline in cognitive performance one day and one month after spine surgery in hypertensive but not normotensive patients 17 . Mean and average 'steady' MAP were not significantly correlated with neurological outcome-the change from individual baseline BP was what mattered. yocum et al 17 suggest altered cerebrovascular autoregulatory thresholds may mean hypertensive patients do not maintain adequate cerebral blood flow at low MAPs. Bijker et al have recently published a casecontrol study that showed a positive association between intraoperative hypotension (a drop of more than 30% from 'baseline') and postoperative stroke 19 . they found that for every minute MAP was less than 30% of baseline, risk of postoperative ischaemic stroke (symptomatic and/or visible on computed tomography scan) increased 1.3% (P <0.001). Absolute risk was still very low, with an incidence of stroke of only 0.09% among these non-neuro, non-cardiac surgical patients. the correlation of home/ambulatory monitoring with cardiovascular outcomes suggests that average day-to-day or home BP is more important for endorgan function than one-off stressed/white coat measurements. All of the studies discussed above suggest that absolute arterial pressures under anaesthesia matter less than change from a patient's individual baseline 8, [16] [17] [18] [19] . Consequently establishing what is 'normal' for individuals is very important.
Identifying patients with white coat hypertension raises questions about their perioperative risk. Although patients with white coat hypertension have been shown to have slightly higher left ventricular mass than consistently normotensive patients 20 , overall it offers much less long-term cardiovascular risk (or risk of end-organ damage) than sustained hypertension 5 . In the operative setting, one group 21 has shown that white coat patients have more labile BP under anaesthesia, but it is not clear whether this affects outcome. Bedford and Feinstein found that patients with elevated admission BP but subsequent normal BP recordings while waiting preoperatively on the ward had much larger rises in blood pressure after intubation than consistently normotensive or well-controlled hypertensive patients 21 . Unfortunately these authors did not examine perioperative outcomes.
In conclusion, as well as providing a more reliable baseline in hypertensive patients, home BP monitoring allows the identification of those with white coat hypertension, which was common in our audit population. Relying on average home blood pressure measurements, rather than 'one off' inhospital measurements, helped to prevent the postponement or cancellation of surgery for 13 patients who had recorded BP ≥180/110 mmHg in our pre-admission clinic. We find home BP monitoring to be well tolerated, easy to organise and a useful addition to preoperative patient preparation.
